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(54) FIELD EFFECT-TYPE TRANSISTOR AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To stably execute an 
operation near withstand voltage limit with high withstand 
voltage and with small on-resistance in power FET(field 
effect- type transistor). 

SOLUTION: A channel layer 12 in which Si is doped and 
which is constituted of n-type GaAs, a hole absorption 
layer 13 which is constituted of InGaAs whose valence 
band end of energy level is larger than GaAs and an 
updoped layer 14 constituted of GaAs are sequentially 
formed on a semi-insulating substrate 1 1 constituted of 
GaAs. A gate recess area which exposes the channel 
layer, has a side wall part constituted of a lower side wall 
constituted of a hole absorption layer 13 and an upper 
side wall constituted of the uundoped layer 14 and has 

an under cut-formed space part 13a for the lower side wall is formed on the channel layer 12. 
A gate electrode 19B is formed so that it straddles a step part constituted of the side wall part 
of a drain electrode 17 C-side in the gate recess area. 
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(57) [KM] 

[RH1 '^-FETfCfcl^T. MtffiTffiO*>« }7B 

G a A s £ y fc***6litSt«« 1 1 <D± 

iHl 2 X^j^-ffioit^JS^G a AsJ: 
nGa As<fcy^^jE7Lqfti|RSl 3^:. G 
a A s £ tj «7 > K-^S 1 4 i:*<JIl^li£$^TLx 

jETLRJRSi 3£y#£TS&«9g£T>K-:?fii 
4 J:y^^±^iSt^t>^^«i]gS^^L. fio, T 

I*. V— h'J-feX®iaicfclt£ 7 cffio 
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*#B8¥ 1 0-32 1 646 



[mtlRftaiBH] 

K-7£ftTft&***;uB 

fijie^ *;m<&± ic fc it y — h Baff£i*ffi#0> K u 

c«fc oi^jastifcy- hma<t . 

ley— h«atDKu<>«ia)ffliffifc<DPBiicfflHffl3&<*ffi 
"T 4 J: 5 icj^jasntr jE?L«iRJ1 t £«*Tl^ 

K — ^ £ *l T ft £ =f- v * ; Ujf t . 

«te* «t mns^n <t amoajs \z . mzf— 

[11^3] BlTffi^A'^;Hllin^Ga A sj:lj&§ 

¥3M*»r*fey. 

WlSSiE?iqRl!Rgli I n G a A sXl£p£jG a A s U ft 
£*3M*)fi-efe* C <t «4«ttj:r 1 XI* 2 IcfE 

*mM(7)Ta^iA<isagicK-^$tiTft^v-x=i> 

8trffi**6«1±Sfilzfelt^l?il5v— x=j>^^7 
■tTEKU-f h«*fc©|HlC::. HtlEV-;*=>> 

mi»SS<D^|5g^K~^£^Tft 

mE^^^>na*a>±ic»fiK*4tfcy— hint, 
iau***)i>nwo)T\zt$it bnmtm& k 

«KW>a^^ h^«tmS!3?ti^J:5lc^ 
[Sf #E 5 ] flE^teSttSSl* G a A s «fc y ft y % 

ffiEm 1 »s^i* n mx-R-DftoKm 2 vtiii p §2t* & 
^ft&t-r £»*ig 4 dESaaJMAiiifi h 3 > 



a— 5 ^ t mt&Tzm 1 coas^st j: y js^v-xim 

B»E3^^ h^fiEHlzfclt-SffJEv-X«atMEK 
U -f >ma £ <D fH®fH4E lea L rfflET > K— ^® *<& 

/i^yft^v-x=i>^^ hiWKi/^>3>^^ k 

BtJET> K— ^H&tfjEfl.qRJ|R)»lcfcit4y— h Utx 

xfi'nttvztiz&y^ k— ^jfj=y ft£± 

SHAHS £ ffiTEIE?L««lH £ y ft iTflHS t ^ 6 ft ■£> ffi 

if s* £ *-r ^> y- k u -tz x»« * j^fltr 4 xa t . 

lufSy- h 'J -IrXfaWcfclt^iKiETfflWMlcW LTiM 
WWlcx^^^y^fTftor. TOETfflfl[ISlc7>y— 

•hv hj^«(Dfflrai«*^jKr-&xat % 

mIE**ft«tt*«fl)±fc % TOEy— hy-bAfS«lcfe(t 

Sitar^wtizjiy. mcy- hy-bx««i=fcit« 
v-*nmmom&to)mzri\mzte< tmz. m?.? 

fty^E^Y^;u@^i;r> K-^ltvay 

r hmas^fiET^xat^ii^ri^cii:^^ 

[II^^7] BUE^Y*;Ujf linMG a A s<fcy ft-S> 

^»#jsr**y. 

ItlEjEftqSilKjIli I n G a A s XI* p IG a A s «fc y ft 
>$S«Wl^A-r^Ci:lz<*:y. 4^l6SttSSlcfelt 

*v-x*a»*««t Ku^>*a»jsa*j:a)Mic 
^•v^^nt^^-r^xt^ic 

(OT^^^v^aswic-iA-r^ctiz^y. 
nsffii^^it^y- h«ia»a«*&inrE ku>t >na 

t (OPbI lciE7L«Jft«* *»«-r ^ xa t . 
^lUKttXaicX 1 3imM^SigS<7)^««3-f *>^s 

v— x«a»J««««ja)i»ffllc»ttf «v— 
h«*s»nt-r4t*ic. TOE***;u««;RtfjE?i« 

HRllilElcfclt^ KU-f>«a^rt««ffllO«-ttfflfc-t+i 

xat. 
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a h r * mtim 2 o*<* jg * y « & y- k nm 
[» # « 9 ] ffiE¥*&»tt£ffii* g a a s <*: y ft y % 

WES 1 »WS!(i n Ittoiiei 2 ^ aJMf* p It fe 

[0001] 

[0 0 0 2] 

•?&?tinj&LT$Tl^Z> 0 bMbtf'J^A (G a A s ) £ 

m^tzM&i&mmh^^isT,* (fed it. *r*s$i\> 
f/^^j: y *«*ifcKiStt3ti;BE«a»tt t iccfc y . 
*»wax.Ti**. <t yfrit&igfflTv^icm^ti* 

[0 0 0 3] /^-FET^TL^m^ft^li. 
iSItElbT'&oT. F ETOflWJ±{* % 

r^^y. ^^ft^<b. 7ttttaa^ttt^^. 
***A*«*±(cii»y— t-mmzmtft+ZMBs fe 

T ( = M e t a I Semiconductor FE 
*^ftWEIi»bHftt> 0 CtllCttU te^y 

> K-:?B£tt££l*T#£MES F ET(Dig^te. *f 

[0004] KJlT. ^-hS«<t^v*;ulf ^(DFbIIct 

> K— ym^Ktz^OM E S F E T iz-oi^xmrnz: 

[0OO5] l2 7l£ft3fc<DGaAs£ffll>fc:MESFE 

rcommmmi^Lxi^o S7 iz^-r ^aic. g q a 
s cfcyfcs#*&&ttgiS9 1 o>±izi*. s i t^m&t 

Lt K-?S nlG a A s <i: U V^H 9 2 



it. G a A sXliA I G a A s L J &£>T> K — Z?M 9 
3ir*<J!l;jfe^$tlTl^o T>K-^®9 3CD±IZli 
SLMClBWSfe^T. S i LTWBffil:: K— 

3f**LfcnfiG a A s cfcy Kl|9 4^M 

SfctfilJ, =&=3>^^ K@9 4CD±(Cli. AuGeH 
^ISJf*lT4^V-XHi9 7WKMi/lS9 8 
^^H-etL^fi£^tlTt^o 7>K— ^Ii9 3<D±.\Zt$ 
li6V-*m*i9 7<t 8<t<DP B 1lC!i. A 

[0 0 0 6] 

[*M3b<**LJ:3i:'r«BB] L^Lfctf*. flrEtt 
KU^>tt^9 8W<D*aJlC«^*<m*-r^fctf). Kb 

tttfiaaau FETo^->tsjAA<iiAD-r^a)-e, fet 

[0 0 0 7] WE«S*gr««J»RttSl*J&<± 

9 9 a) k u-r >«m 9 8 fciic&a&sjicfci^T®^ ■ ie 

fl.»*<*«**-r«fc«). «*Wi::FET©»ft£5l# 
^c-r o CCD £51::. IBE1kt«0l*W»tti:fl)» 
ttftltlttflSU lffiB»iS«lzm*Tte»«3S: 

[0008] *«HI*1fflEa)HSlcB*. RItffiT'.ao 

ZZ£o\z?&zt&Btotr%<> 

[0 0 0 9] 

[Bus^-r^fc^xo^e] i5E<Dge«j$3t^-r^^ 

[0010] 1 Ol^SlSM h7>vx 

tLTUz+v^frmt. T j r*)\,m<D±\zn\+z>7— h 
mmmmwmmzmm&zm-r&T> K-7it, 

[001 1] mia>S*«!iSMh^>i;A^(Ccl:^<t v 
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t*fcC*5l=»fiK**ir^4fc«), y— KB«(DKU 

*<B»**u ^OfS*. y— h- KUOBBOOffiKSS 
hWKDV— XflH(D«ffi£ V-Xft<Dn>£>> h$iist<h 

[0 0 12] *;b»i:7>K— ?B&a>M0> 

mmz. y— h iso k u -r > « coma® t <n hi = sna 

^♦^■icJt^T**^**!^** KiEftqftJRW 

KU-f >fflia>«B«fc»«LT, h^lHScf^ 
XI* KU^>tSrtt*^i:S«*t«. 
[0 0 1 3] **Mlcff««20)«l!ia*S h7>vX 

Ku-f>«a>«J«ic»rt $ y— hB 

«fe3lz»j«a?tifcjEa«i|Rj»i:*«ilTl^o 
[0 0 14] «2a>«*a*fflh^>^5r|Zcfc«4. 
^**JbBfl>±l::a3lt*y— h««»AfBttO) KU-f > 
BflMWCJloy— hB«»f*«*B0>*II«lca£tt« 

*-r£&itJi;b<j&j££*u y— hv«3b<»asff««/t 

CDft® *<Kft® <7> -bfrcBBkB fc KM Lfioft® (DTSB 
T*^**;blf £mft£*r4(&-e % y— h/WTXBP*DB#lc 
¥— hB&0> KW >ff 0> ttBlc It 4 SfWffifa $ 
*U ^ttem. y— h ■ KU-f >PiS]<DS8S£Ja< LTt 

3t»ft»tt*#*ct3&<-e*-s. s&ic y— hBS<& 

tt*«yiS^l*4cia<T*«fc*!>. V— X«tart<«* 
[0 0 15] *fc % ***M^S£i6«»£a>ra(D«« 

y— hsso km >«<D«ffita>mizasiHttA<^ 
ar*j:5ic»f«*nfcjEa*jRiiAnttit6*iTt^fc 

JL*Bl=tt'<T*£l*«£lcf*. KIE*USJ&«a<BflBRtt 



[0 0 16] mi XlilS 2 (Dm^&H^ K3>vX^lC 
& L J* iE?L«MRB!* I n G a A sXlip^G a A s «fe y 

[0 0 17] *%Hl::1X«X3a>BIMaj|(£ K5>vX 

l^T»***i. Bi«BB07ttB*<MMEI=K-?£ 
tiTftftV— h1ML&tfKU<f 2 h 

¥»6»tt«ttl::fcM+4V — X3>** 

Kl/-f>a >£<7 KB«±:0>RI)|:: % v-X3>^h« 

•V*JU««0>Tlcj3lt*y— h«a<fc Kl/-T>3 

>n ? hffittffi<Z>3ftffift< K U>T >=> $ hffi 
«i:»«*tL*J:5l^ja*tLTL^o 

[0 0 1 8] S3<7>«J^*Sh^>vX$IC<fc££. 
***^«*<DTIcfcMi*y--h««i: KW>a^ 
* HH«*<Z>MI::. KK>a>^ hfti*1Hia»|ffi$ 

^L®l^XfIJ|£A<iSlt^4^-CL^4fc*>. IE*l«MMB*a>x* 

[oo 1 9] msom^a^^h^^^x^izfei^r. 
**ft«tt»«i*G a a s «k y & y % mi n mv 
ioi 2 wa^ii v>mv&z>zt l t^o 

[0 0 2 0] 1 (Df ^Mi h7>vX 

^ ©Hawaii. ¥«tt&Stt±lc, =F««aA<K-^* 

tirft€>^v^;bji. jEfl.?RiftH, t>k— ym&ifi* 

^7 h ff£/£Jl S *v >7 ft^-T 4 m 1 <D3I«:^ J: y ^ 4 

V-Xl«tfKb-f >«ffi£2lMcMPH£fca*TJfc/a 
tiiat, 3>«H&*ll:feltiV-^K 
U-f >««i:a>Ma>««l=»LrT>K— ^11 A<BUSf 

4V-Xa>^ H&tfKb-f>a>** hH^^-ti 
ft^rx^^^y^fT&acirlcfcy. 7>K-^B* 

y««±v«B&iEA«nm:y««T««B&^&ft 
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ffiiB»t»rtr*iat, #ifest4S«a)±ic. y- h 

»J -bx««rcfeMt4 KU-f >aa«a>«BM£'*fc c* 

««rc *j it 4 v — x aaa a>«a t om ic ioth s & < t 
hu-fex««(DKu-r>aafflia>«ia»a>T 

h«at»*tr*xafc*a*T^*. 
[0021] mi 0>i»»iB h7>v^>©«i»a 

lcj:4<i:. y— HJ-bX^tflcfclt* Kl/-f>M«© 

rasas***: cj: 5 icm 2 a)aH*K^ita-r * c t izct 
y. y— h u-bxawzfcit* v— xtsmoisifl) 
mi^mpr$^< y— h y-txaao Ku-f >m 
a«a>«a«a>Ttt«»ta)Ba(zffiM»A<*ffiL, m 

7-v^ua&t;Ku^>aa«a>7>K— -?mtts 
a v h *y- haa*n*js-r<5fc*>. y- hm 
aicfcMt* >afcr*tTtt«-r*iK»/i<7> k— 

-e. K/<-f7xa]ftj»ic^r—haacDKu-f 

«»lcfclt4a#A<«fn**t. *tf>3£m* y— h- Kb 
4o S&IC, KiJ-b^«*lCj3lt*V-X«CDfflSfi 
£*:*!>* y— hVa&V— hJf<tl*I*I±CDi* 

r«yifi^it4cfc*<-e#*arc. v— x«ts*<«*s 

[0 0 2 2] *fc, ***A*ai7> K— ^B£0>M<D 

Jttjf(ox*ju:¥— «tto>aa?aa^^^iuaicit^< 

■C**l*a*ici*. ttjEftftttBtfBmKttafttti::* 
jE?L»a>5fta)]ETLS»«-r*fc*lz. 7 
>K-?B* KU-f >a0>a*l=Kt/«J: 5 IzfBjSLT 

t^*a>-e. aiai*. emy- h«aics5A-r ^ c <t ft 

[0 0 2 3] »1(Da*»»fflh^>2/X*fl!>BiSS& 
iCfil^T. ^*;UBl*n£|Ga As^yft&^aSfcB 
■easy. jEAKJBlBttl nGaAsXttpgGaAsJ: 

y ft**»i*a-c** c l i\> 
[0024] *»wiz«*jg2o>a*a*fih^>s;^ 
*«>«ai»att. **6»issffiicmi*©Ma)T*fi«g>r 

it*v— ^«a»fit««i: Ku-r>aa»iat«*ta)Pdi 



haa»flt«*i: Ku-r>aa»jat«*ta)iH(cjEfl.« 
«««SiB*t*iai, ¥«aasci=* i aasa 

^^*^«*icj3«t*v— ^aa»*«*«a>affli-» 
«-r*v— ^a>#^ ha«*»*-r*t*i=, 
/u««ai;jEfl.«jR«*r3fcit* ku-t >aa^««« 

v— xaaafitaw&tf k u-r >a * h^n£<7>±(7) 

K W >Ba»J&a*l::X i CD3S(*KSlt«-r £ C £ iz 

y- haa»*««icM2©an*«t*a-r4ctf=j: 
ya*y— h«a«»«"r*xat*«iLTL^. 

[0 0 2 5] *2<0a*a*S h^>vX^O)»it*;i 

y— h«a»*a«t Ku-r>aa»*«*fca>iBi=a 
2mnm<D*mto*(*^£miRmz&A-rz>zkiz& y 
taic ¥iuKttsai=a i vaaoxaao) 
^«a-f*->taiRtti=aA-r*cfcicj:y. 

^MHCSLt/iE?Li3Ri|X^igEl3fcMt^ Kl/^>tflMfl«fl 
K«*i<D«»i<Kb-f>a^^ K««^aa$ti 

aa#aMK«aaB>ica£-r«*?- • jEn*ta>5*>o> 
lEn^mmr^tmz. biew*. aay— h«ai=a 
A-r4c<tft< Ki/-f>a>*9 haarcttaur. a 

[0 0 2 6] a2©BJM»*B^>S?X*a>»a*a5 
SI* n MV&IWZ 2 Mfittp ST?fel)C^ L 
[0 0 2 7] 

[anajtaaaa] 

[0028] hi i**«a©« 1 (Duss^sic^^m^ 

■Tcfc7lC. GaA8*y&«iMUfttSai 1 <0±IC 
I*. S i OTttfti LT K-?S tlfcn fiG a A s J: y 

fc5***juBi 2^. x^iu^f— afitoaa^aaA^ 

(*¥$6»tt I n G a A s y ft y . 

ttpSGa As<fcyft4jEfl.®J»ai 3t, GaAsX 
ttA I Ga A8*Vft57>K-?H 4 t 
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[0 0 2 9] fV^Bl 2CD±lCl* v 
Bffl*t*\ IE?iqftiKJBi 3 *y&&T8Bffi!lB£7>K- 

T««filcr*T>y— * h«tt(Dffi|HJffll 1 3 a £ 
H140>±|C|* % S i *<ig;S£lZ K-^tlfcnfiGa 

Ascfcy&y. K«j-bx««*ttA/-c-ttL-€ f *iv 

— 73 hH 1 5Bd:KW>3>^hll5C 

fcM&jSStlTl**, V-X3>M hff 1 5B(D±fC 

IZ, Kl/-f >□ H 1 5 C(D±l:ttA u G e9J: 

y«pyi* Ku-r mi sctt-s ^tstt 

[0 0 3 0] A I »J:iJ44y-Hgi 9BI*. 

h ■J-trXflMlzftit&v— *Bfl 1 7 Bffl<Offl!IB£a>Rfl 

ku-t >«ai 7c«(D0B»»cfcy^*ifta«s^t-c 

T>K-^JBi 4<tva^ h*tt«r*II«£:***JU 

Hi 2<tv37 h*»Mr*no«t^6fty. isjffl)$iJ<h 

««»T»i:©IMlcffllBl«l 3 a3&<^ttr4«fe5lcJKj« 
[003 1] JUT. *J&Ea>« 1 4>ltffiKBI=flfc «M 

a<*Bwrr*. 02 (a) - (e) i**nmmm\zgk%> 

[0032] **\ 02 (a) iCiM"*?^ CVD;£ 

fil1CD±lC. Si^K-^tlfcnlGaAscfcy4 
S^^^UBl 2<t. nGaAs^lipiG 
a A s <t l J #4 jEJUMRJB 13t, G a A s XI* A I G 
aAsJ:yW7>K»?Bl4^ S i jWKRfieiz K 
— yZtltznMG a A a £ y >9 9 hMB 1 5 

A$I»t4c *<D&. hft£j*Hl 5A0 

->2 1 £»StLfcSL ¥*&&teS«l i <D±l::±ffilc 
WiotS 1 Wii: LT0A u G e / N i ft? J: y ft 
4tBRl 7AjjliL, SlO)l/y^K/^->2 1 
SU7 ht7Lt, =i>S^ h^fitJSl 5 A0>±ICV— 
7 B»tfKl/-f >«ffil 7CjftlftLMt 

-60 

[0033] 02 (b) lz^-r«fc5(c. *tt«14 



•fn"7X^-r^m2(7)UixX h/W->2 2^fittfc 

hMIB 1 5 AlZ^LTT> K— ^JB 1 4/)<Stib-r 
4^ti7f >^JtT^ot, n^ZO hl&fiim 1 5 A 
fr&V— xa>*$ hHl 5BMKU^>3>^^ h 

h 1 5 c*»jgtr*. 

[003 4] #C: x 12 (c) IC^-T^^IC. 12(DI/ 
yXh/^->2 2S^Lf;^ 4&fMtttS& 1 1(7) 
±|C. y-hUt^«*1 4alcHDfll«*t«»3dD- 

->23$7^tLt7>K-?«1 4;&lttETlWMR 
H 1 3lc*f lt^a-*;H1 1 2A<8as-r-5*-Ox-v h 
i7f>yf(rftoT, jETLBMRHI 3«fcy&4Ttt« 
g«tT>K— ^Hi 2£ytt«±fiHMB&fr&tt««B 
«Bt*r*y— hU-bX*«1 4 aBfltt*. 

l30bvX h/^->2 3 S77^7<t Lty- h 
■J-bXflWn 4 alcfilt4T«MBKa)jE?L«ttHl 3lc 

»Lr*B»*jBi*TBiR«i=^x* n*^>ytff 

ftot v y-h'JtX««1 4 alZfcl*4T«ffilfij&<7 

[0035] awe* 02 (d) lz^-rj:^ic. 130U 
yXh/\^->2 3^iLfc^ *ffe«1±Sfi1 1(7) 
±fc % >r— hU-bXfiRlgll 4 alcfclf* KU-f>t«1 

7 c«j<Dass*t;««izBHD»$*-r*»4a)ui;x 

M*->2 4«ML, ^ffcttttStiM 1<7>±lC^® 
lzt>fcoTJB2(D**Bli: LTCDA I *£ytt«£jBB 
19A^tit4o 

[00 3 6] 2l\Z % 02 (e) fZ5*r <fc 5 IC. ^4(CL/ 
vX h/*£ — >2 4*U7 ht^lt, A I *<fey3fe4 
y— hlfil 9B^ y-h'JMtWl 4a{Cfc(f£ 

KU-f 7ca©«B»£*fcCfc#lCjE?UMR 
Hi 3 J:yft*T««atO)IWlzffl|y|«1 3a*<*St 

[0037] jaT. atBo*3ictt**hfcVJMaiB 

[0 0 3 8] 0 3 (a) tt4:|OK»lBlca««J|L»JRa 
(a) [CfclvC. 0 1!C^-r§iJ^<t^-^gfi»lC(iP- 

a)»#*(*-rcticj:yttMs*BS-r4. 03 (a) ic 

^■TcfcolZ. V— X3>$^7 hH 1 5 BW^aAJftl 
Sl*1ttfir*^IBl 2?lotFl/03>^ h 

hi 5 c^ic55A*r^o s«R«aa3b<*^*r^ 
ajs<Dy— h/<-<TxA<y— hmai 9Bicquto*n^ 

ft*;HBi 2lcfeit*y— hmai 9 BCD 
KU-r>«KD«5SP0)T*<Dffi«-ca^1 fc]EfL2 
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[o o 3 9] *mmtem\zfti^x\*. mjni2i 

9 BCD KU^>i(DiIi: KU>f >3>$ ? hi15C 
^COPbIIC. jEJUBMRBI 3<DX*/^— »(a<Dffi*T-» 
i»*<^-V^^HBl 2J:yt,**l^«*ttl nGa A s 
XlipSGa As £ytt«IE7UMRl|1 3 tftSIt £>*LT 
k*«fcti>« 2izfci*£>y— hfSl 9 BCD 

JIXH1 3l::«IS**l*. ttJETURJRB 1 3(i. y- 
Si 9B0KW >«<DflHffii:tt-r*Ci:<i:<»ltbtu 

ti^tc#k «ai*tLfcjEA2(*y— h*ai 9izssa 

"f 3C££:< KUY >zj>*>7 h® 1 5 C|-CD^3UU* 
to ^cd&. C*i£>CDIE?l2li. KSJSlz K— ^Stifc 

n 52CD KU-f >^>^hll5 CCDP^SiJ-CMtilCDll^ 1 
t!5*S#r*. C<D<t£. Kl^>«3Sl*CCD3fl£^£ 

[0040] S3 (c) (CTF-Tcfc^l^ tt*fl>y 

-h«STlcr>K-^H9 3£«jt*:MES F E T CD 
**U:asL*TI*, »flBB«a*ftlc*»je±-r-5jE?L2 

I*. G a A s i F E TlCfcLvt-ISICf (D^- h/ W7 
x*><Epan£*i&y— Kfg9 9lcitm3£A'r& 0 Cti 

r*. m<Dm^-c?fe^>!f-hm«i9 9*<iEcDS^^^-r'S> 
ctuc^y. y—hu— 

[004 1] L*Lttft<gu *3M6»BI::J;*^ 

2t7>K-^Hl 4t<DW<Dffil«T*. lo x 
y-ht«1 9 B<D KU^>fl(Dil^ Kb-f>3>* 
^7 hil SCicDPBlfc. jETLq&i&Jgl 3<0x*n,*— * 
tt©««*-»aiW**4wWl 1 2 * y **#l^**l»tt 

I n G a A sXlip^G a A s £ y fc£IE?l«MXlB 1 3 
y-h««1 9BCDKU^>i8|CD{Rgffi£irr*C<b 
tt<Rlt&*uTl**fctf>. ««BI»tft«»-Cfti:«jER2 
I*. KiE?L2lci:oTSS^x^;u^— ^(a^WT^jE 
TLftiRHi 3lz»«**u -*-<D8L IltOKUOa 

y-nai 9Bira*La*<p<«p« 0 « 

oT. y— KU— &«aa>«lttA<|qitM**t«fcto. REE 
*<fS3±-r^<!:^|- F ET<D*j£a<ffl]flJS;K£<DT:. HE 

[0042] S&ic. *Sl*^Ba>»«fcLT, y-h 
4fc«>. y— h/W rxaianefruiy— hiaoKW> 

«SOttffllzj3lt4«»A<«fnS*i4fl>-<?. y— h ■ KU 
£ e C*i(Ccfey. FET<Dlt*>±/»<yft<D^>»tal^ 



[0 0 4 3] y— h«ai::£lt«y— XfflflCDfflffi 

i*v— xflja>7> K-^H i 4©y-htai 9BM 
«»t<DWiizMiwttei^T:»flE*tLTL^4fctf). y— h 

181 9 B£I*V— hfiltt 1 5Bt l£SJI±CD 

»r»y5tt^it4ci:A<-e**a)-c % v-x«stj&<i£M 

[0O4 4] i 4 1 ^J6^Bl:i -5 G a A s M E S F 
ET<D&1inilt7— h«3Ki:a>BB«*«*fl)G a A s 
MESFETfc»Jt**Tai*Lfc«i»Jl**L. tt 
»4li*5gJ6^J8lc«SMES FET^jfIs **g5t* 
^(DMESFET^LTL^o -SSIC, ?— hMtf 
JK)3 0mm(D«^!Zli. fil 7mA©y-hWtfiS 
«it4t»tt4Ct)l)^ori^. H4<DE&*H5 
C^tJ: ^(DMESFETT'li, Kl2 0Wa>Uj 

*ry- h«3SA<»1 7mAtftoT|jtt4. -2f> 
IH4CDffi^4|Z^-rcfc5lC. »»»Bl:ffi4MESF 
ETT?(i. ^3 0Wt^1 7mA0)y-hl;Wii:t; 

[0045] CCD J: 5(3. ^*/Uf 1 2fcT>K— ^ 
Jll 4<tCDP B 1CD$li|ltr% JLO. 9 BCD K U 

-iismo&mt kk>3>^^7 hni sctcDPpiiz. 

2<fc y 4,**lA¥tfcItttI nGaAsMplG 
a A s J: y ft«JE?mMXJI 1 3 *flt*.Tl*«fctt. BjE 
?L»1RJB1 3rf><. ft\Z/<r?— FET(D^tt3fe#lZ^^^> 

[oo4 6] *sm£hmbicJ3i*ti*. y— hva 

1 9BTC0«#S««LB.oKU-O«lC-r*tfcm«* 
£*.£*:#>CD7> K— :7Jf 1 41*. y— 9BN 
cD5g§BA<|fe^{*-efco-Ct^<. *fc. ft^UKDi 
* m^tir-T. G a A s JSWO)*t»»rc*«lE < j£ 

[0047] iE?L!!R4XJfl 1 3 I n G 

aAsXttpSGaAstRl^ ¥*6»tt I nGa 
AslS. *tt«5A<K— ^S*VCl*T*x:M^F— 
IWWftUBl 2*y t*#<ft*fc«>. n 
SXttplT**ott<fct\ y-hSffi1 9BT 

lcy-feXffl£K(tT* »«±B5ICT>K— ^» 1 4&tf 
JEfUMJUBl 3 SKlfTUfclMDI*. /OK^r-V^^flD 
'h*L^IE?L««U11 3*»A/-ey-hiai 9BA<^-V 

*iH» i 4*«M»-r«a)i*Hitt»fc*fc«>-cftor. ^ 
i 4icfcit* KU-f > ■ v-^Biaiiy- h 

iai 9 B<D§ai»a<^-v*ju»i 4icfift}$MLrL>^ 

[0048] (|g 2 <DSI!6^JS) KIT. ^^6^<Dm 2 CD 

[0 0 4 9] @5l**»^CDm2<D|?ffi^l||^^^U 
-^-^CDS^aimS h5>vX^CD©T®fltfi£S^LTt> 
£o mSlZfik-tJLolZ. Ga As<fey3S**$ft»ttS« 

3 nci*. stMcim«tfc^r»j<taF4i. mi*as<t 
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H$Si§t3 1 afil/Kb-f^a^^ h$HSE3 1 
bt, V — KIiUt3 1 ad:KW>D>^ 

*U ISV— *Z3>$>7 hffijtf 3 1 a <t h'W>3 

^*JHW3 1 c £?Wf2fi£$;hTl^o 
[0 0 5 0] *$feSttIfi3 1(D±!zli, V-Xzi>* 

^ h^iU£3 i a<r>±\zAuGemtmm£*tTUv. m 

V-X1>^ hfB**3 1 a tt-S*^»H*«V- 
xm^37Bi:. Kl/-f>a^^K««3 1 bO±l: 
A u G e«JMRt*tUTfty . RKU*f>3>** MI 
«3 1 b v^»«t* KU-f >*S3 7 C fc, 

f t*iHW3 1 cCDJlIca I fiTfty, K 

***ju««3 i c t va h hiS3 

[0 0 5 1 ] *X&Ktta>tttt£: LT, ***;HH*3 

[0052] jut. ^n^omzommmwziikin* 

j^^KWti. 06 (a) - (f) f***JE»tBlc«-6 
[0053] £t\ i6 (a) lZ»-r*3IC> G a A s 

Sffi3 1 IZ^L-C pfi®7fMlB<f *>-efe«M g £|Hl* 

tYt^AS^ot^ttifia i nozimziE 

[0054] &\Z % ®6 (b) IC«TJ:3f::. fg1(Z>U 
h/^->4 1 $»*Lfc«. ¥*£*ittS«3 1 <D 

h/^->42^77>7 £ LT#$&«tt^«3 1 |C»L 
tS i £ffll>T-f *>&A**TfcoT, #*&St13li!ffi3 
1 f::fctt*jE?UftJ|MB«3 1 d OltloSfiOf- K 

**fiia)H«Bffliz*-cSitf*naa)^-v^;HR«3 i c 

[0055] i6 (c) ICS"*-*?!::, SI2(DU 

h/W->4 2»4Lfc», ¥*6«ttS«3 1 <D 

h«*»j*ffia>*BBnaj$*L^-v*;HB«3 i cS7 

X^t^3a)l/i/X h/^->4 3^fi)tU RSB3 
(DUvX h/^->4 3 ^ Ltf$fe8ttiffi3 



5l::v— haHE3 1 aMUtitftl:, K 
U-f>*a««««fl!llC. ***JU««3 1 c&tfjEft 

fijK«i<3 i dizfcft-s v >nmzf&mmm(D&!t% 

3 1 b$fl$fit-r* p 

[0056] SfclC* 06 (d) ICtfT^ g30b 
h/^->4 3^Lf:», 3 1 IZ 

^3 i ©±i=v— x«a»*«*atfKuw>«a»rt 
««&ic-?-tL-eni!BPffl^«-r**4<Dui;x > 

4 4$^ScL. ¥*6»14*ffi3 1 <7)±ir^ffi|Z3b/z-3T 
m 1 COaitHIi: Lt(D^AuGe/N ifj: l J 
l37A^IfL, *4©UyX h/\°$ — > 4 4 £ «J ? 

ht^Lt, V— h19tt3 1 a<7)±(CV— X 
■S3 7B^KL/-<>3>$^ hSIiSfc3 1 bCD±(C Kb 

-<>ma3 7 czi:*i?titim?z>o 

[0 0 5 7] S6 (e) \Z7nT£5\z. ^I&tktt 

^1£3 1 CJHtMltffftotV- XfS3 7 Bet 
V-Xa>« hflii&3 1 a <t£. *fc. KU-OIS 
3 7C<fc Kb-f h^H£3 1 b t^H^tl* 

— 3 ^-CD&. ¥iffeiftSffi3 10± 

h/W->45$»«lfc» % #«B»tt*fi3 IGLtlC 

±ii:3btcoti20)»#ItLtfl)A i «j:y3S4^ 

ii3 9 A^itii-r^o 

[0058] i6 (f ) «fc 3 ic % msois 

vAh/^->45$U7ht7Lt, Al^^yJS^) 
y-hlfi3 9BSi)tno 
[0 0 5 9] l«IIE<7><*:«5(^«i«*tL/--S^aim^ 

[0060] @3 (b) i**:xtEj&ffii::ff 

t^^o H3 (b) icfci^r. 0 5iz^-rSiJ*rt 

H-<Dtt*flcttg|-fl[)»*$f*-rci:ICc»:yttW**B8 
-f&o 03 (b) \ZtfT<£?\Z % V— 7lS3 7B^b 
;^A$tLfcST 1 te^«v*;uff 3 1 c£fioT Kb>f> 

ma3 7cic5SAr^>o a«B»«««*<*±-r* 

StOy- hm«3 9 B\Z$\m2ti% 

m^\zit. m&Ltz£5lz. *-v*;HB3 1 cicfeit^ 
hma 3 9 B<D KU-f ><IIIO3ffiaJCDT*C0®lS£-eS 
* 1 <tiE7L2 < l:^b^^^»0m : f • jEft»3A<±i: 

[0061] *3U6^Sicfei>Tii. ^-v^;u€ima)T 

icfclt*^— hm«3 9B4t KK>3>^^ hffl«3 

7Cfca>lBic % KW>d^^ httttffia*8«ft<Ku 
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*U SO, IE?lq&i|XJS 3 1 dOi*^*- 
«»tf***MI«3 1 c^Ut^lt^p^Ga A s c£ 
y«C*jE?l«MRJB3 1 dA<Rlt&*iTl*4fctf>. ^-v* 
;U/f 3 1 cfcfcltfty— httt39B©Kl/-f>i©SS 
»«>T*a>«igl-e±i:fcIE?l2l* % jEJLQftJlXJi 3 1 d£ 
lot KU-f >a>*$ h««3 1 blc3SA*T*o *<D 
flL »jEfl.2l±. iBSSir K-^tifcnKDKb^f^ 

So tot, »M*««<M6±B»lcy— h'J— *«3IM> 
**n*<}qiW*tL4fc«) % »ffiA<lPj±r*i:*lcFET(D 

[0 0 6 2] *3llt»BlCj3LvC. jE?L«MRfM& 

3 1 dtf^**;u««3 1 c<DT{Mlz£SI=3bfcoTJi* 
«**lTl*«:i*©l*. Ml- ' IE*L**3l*y— h««3 9 

ht«3 9 B0)T«SILTV-Xta3 7 
B«CjE?L2e5l*Ui*3fr*fc. *©EKA<ft<ft 
hm*£3 9 BlC?l#jX^HTL^5<D"C. 

[0063] C(7>J:5IC. -f 3t">&AlC J; y 
^L/-f^GaAsMESFETI:^UTt, 
;MKJ*3 1 cfcJR»<Dail«a$*-r*]E?L«ft««3 1 
f t*;Ufl«3 1 c0Tl:^!t§y-hig3 9 
KW>3>^^ hfME3 1 bt<OffilzWtli&Zt 

Wot, *yms«ao5effl»z»tta#a)jBi**#*c 
[oo6 4] ^v*;u»3 i c omwnzmmt 

J\ G a A s ^tt^T^oTt^M^tl 
[0 0 6 5] 

[ssE^a&s] si/m2<7>s^m^ 
-ctt*r tniwr > k— 7«xi*ium £ ma* LlO 

«WQ**U *0>tt*. h- KU-f>IHM>ffi*t*JS< 

WE0)»-riBya£-5it4Ci:3b<-C*4fcto. V-xgffi 
ttot, FET<Djt*,±*<yB#C0^>« 

[0 0 6 6] *fc % ***JWBfc7>K— ?»XI«M* 
lf&4vCl*4fcat>, jEfti»ittJf<Dx*wi^-- *tt<Dfiffi« 



[006 7] S 1 &t/f 2 ©tSa*S h 7 > ^ i: 

fcl*T. f t^iHA<n iG a A s «): y ft4**Mtf 
fc L J. JEftlRiiR®^ I nGa AsXttpfiGa As J=y 

[0 0 6 8] **iElcffi*m3a>«J|L»*S! h7>v^ 
««J<Z>aSS£ Kl/-f>a»9 h»«£»flt-r £ <*: 5 l= 

tltt^O'C, BuE?LI* % S«y— hB«lz3EA-r^C 

So ctL|-^y. 8JHR{RBftl*.=JB£'r«*?- • IE7L 
A. h 'J— ^«3S(7)lfftl3b<flI«*ttS<7>-e. »EA^ 

isj±-r4t^izFETfl>»jfe3&<«i*j**t. ^o^m. m 

[0 0 6 9] m3(D«l!t«im^h3>vX^lZfcU^T. 

*&i£tt£iga<G a a s * y u y % mi n mt* 

fl.Sl«l:*llT»4. 
[0 0 7 0] ^*^lZ^Smi 0)SI^Si!imMK3>^X 

^ hJS<tliIti£(Dft-rSyi£^ltSCi:^T*$S(D-e v 
V-A«ta^ie«**lSo CtUC^y. FET(Dtt*,± 
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[oo7i] ?**juib£7>k— ymto>m<D 

A<*a-T4J:3lZjE?LiftJftJH*KltTl^fcA. IE?U!R 
ifejf CDX*;Mf— ^(Dfim^SA^^^^fctt^ 

l>4tf>-e. KlETUi. m«y— h*«lc3KA-r*Ctft 
< KU-f >«©a>*^ HWlcltlULt, zxisW h 

[0072] mi a>«#j»*ah^>vx^a)»a*?i 

ICJSHT* f t^H^ngG a A s J: y #(*■ 
T'fcy . jETUBtllltf I n G a A s XI* p§2G a A s «fc 

8Sicffig-e£4. 

[0 0 7 3] *^lZ^^>S2<7>lilita*Mh^>v^ 

^v*;u««lclt-<T**L^»^lcr* % ttjETLQMXfli* 
^aJMRttilftB»lc|B£-r«*T- • jE?l*f<7>5*><DIE?l 

«iE?iOTi»y- h«aic35A-r^ 

>zi>^>7 h«iiartxi* ku-t >nan-c«^i:?w«* 
T4o c*u=*y« sfflRtt3KftB*ic*^-r-sa^ - ie 
a *> o>jea^— haaictt»a4xa*ft < #4 

A<fS]±-r^i:^lcFET<7>m3tA<jqj$ij$4x. 

[0 0 7 4] *fc % ^*>aA»£JBl*Tl**fctf>. ffi 

[0 0 7 5] m20)m^aSSh7>vX^(DSS3g^ 
IZfcL^T. ¥*&»ttfi«jb<G a A s * y ft y . ft 1 £JS 
ffltenarfioft2©«ffll* P 8re&4£* jE?L«JRflI 

*£<fc4<z>-c. ■■R{Rgift*icft±-r«v?- • ie*l 

»© 5 % OiERt it JKdM Sir « 4 o 

[■■a>w<icm] 

[s i ] **w<Dft i cD^js^©ic^4mi?-ass V s ? 
>s?x* ^^-rsjfi£©T®@T*fe4o 

[02] *^<D«ia>HJ6^a8lzflg4a*S6^Sh^ 



> $ <D3tig;*;£ $ XfllBBf ffiH Tf ft 4 . 
[0 3] ttJM&Sfi h^>:xX*lCfcli4i§?&<D®^tf> 
SWlfc. aT«BR«B*lc«^-r 4*?- 1/*0>jE 
?ia>«tLtt*1Sttlc«teLfc«*IB-C*-3r. (a) 
I4*»M0)» 1 0)IIJ6ff^^{c«4m*aSS h7>vx 

^<o»rffi«fiJcSiT*fcy. (b) i**«ho>x 2 axt&fl$ 
J8ic«4«iwajRS! h^>yx*o)Bfffi«ffiia-efty. 

fc 4 o 

[14] **«(D» i a>KJ6»a8iz«4«*aa*ffl 
A sMES FETi»ita?itfcaistt**^-ry^37-e 

<fc 4 0 

[is] **wo>»2(Diijfi^iB^^4a*a»^ 
>i?x^©«a*at^xa*BraBB-c**. 

[0 7] 8*©G a A s Sffl^fcM E S F E T S^ti 

i 

2 3EA. 

3 - IE7LW 

i i **£$§tt£l£ 

1 2 ?**JUJ| 

1 3 jE?UMRJI 

1 3 a ^fplgU 

1 4 7> K— ^ffl 

1 4 a y-Mj -trxfint 

1 5 A hMR 

1 5 B V-X3>^ hJf 

1 5C KU-f >=1>$$ hjf 

1 7 A AuGe/N i«J:iJ»«iM 

■> 

1 7 B V-Xfg 

1 7 c Kuoaa 

1 9 A A l*J:y$««U (m2(D#tt:M) 

19B y— haa 

2 1 I1(0UyXh/^-> 

22 I2(DI/VX h/<v$— > 

23 Sg3(DUvXh/^-> 

24 f4(CUi/Xh/^-> 

3 1 

3 1 a V— X3>*$ 

3 1 b KK>3^^ KSMUS 

3 1 c ?**JUflM 

3 1 d jEAtt«l«tt 

37A AuGe/N i y *4&KK (ft 1 <D3J<* 
H) 

3 7 B y-xia 
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37C KU^f^lg 

39A a i«£ijtt*£BH (m2<Dm&m) 

3 9B ?—hW& 

41 Sl0L/yAM^-> 

[01] 



19B 




13a 



[@4] 



a? 




10 20 30 



42 !2(0UvXh/\^-> 

43 l30UvXh/^-> 

44 l4(DUvXh/^-> 

45 mSCDU^X h/<$— > 

[B2] . 



(a) 



17A- 



.17A 
,21 



(b) 




(c) 



17B- 
15B' 



14a 



^,23 



(d) 19A< 

17B- 
15B- 



3 

13a 



-14 
-13 
12 
-11 



(e) 



14 
11 



19B 



17B< 
15B' 




14 



[B5] 



[07] 



37Bv_ 
31a- 



39B 
^ 31c 



~37C 
-31b 
-31 



97. 



99 



31d 



,98 
,94 
-93 
-92 
-91 
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